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Real Party in Interest : 

This application is assigned to Siemens Aktiengesellschaf t of 
Miinchen, Germany. The assignment will be submitted for 
recordation upon the termination of this appeal. 

Related Appeals and Interferences : 

No related appeals or interference proceedings are currently 
pending which would directly affect or be directly affected by 
or have a bearing on the Board's decision in this appeal. 

Status of Claims : 

Claims 16-21 and 23-25 are rejected and are under appeal. 
Claims 10-15 were cancelled in an amendment dated January 11, 
2003. Claims 7-9 were cancelled in an amendment dated July 
23, 2001. Claims 1-6 have been withdrawn from consideration. 

Status of Amendments : 

Claim 18 was amended after the final Office action due to a 
rejection under 3 5 USC 112. An amendment under 37 CFR § 1.116 
was filed on October 17, 2003. The Primary Examiner stated in 
an Advisory Action dated November 18, 2003, that the request 
for reconsideration had been considered but did not place the 
application in condition for allowance, except that the 
rejection of claim 18 had been withdrawn. 
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Summary of the Invention : 

As stated in the first paragraph on page 1 of the 
specification of the instant application, the invention lies 
in the field of semiconductor manufacture. Specifically, the 
invention relates to a SOI semiconductor configuration, i.e., 
a structure formed with a base layer (e.g. substrate) of 
semiconductor material, an insulation layer on the base layer, 
and a layer of monocrystalline silicon disposed on and 
adjoining the insulation layer. The invention also pertains to 
a method of manufacturing the SOI structure . 

Appellants explained on page 12 of the specification, line 14, 
that, referring now to the figures of the drawing in detail 
and first, particularly, to Figs, la to If thereof, there is 
seen an SOI semiconductor structure 5 that comprises an Si 
base layer 1, which is formed by an Si substrate and is 
adjoined by a buried oxide layer 2, on which a monocrystalline 
silicon layer 3 is overlaid. By way of example, the SOI 
semiconductor structure 5 may be fabricated according to the 
SIMOX or BESOI technologies and is commercially available as a 
finished product. Furthermore, the Si base layer 1 and the 
monocrystalline silicon layer 3 may already be p- or n- 
predoped by the manufacturer. 
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Appellants outlined on page 13 of the specification, line 1, 
that, with reference to Fig. la, a screen oxide layer 4 is 
first formed on the SOI semiconductor structure 5. The screen 
oxide layer 4 may be formed for example by thermal oxidation 
of the monocrystalline silicon layer 3 or by deposition of a 
TEOS (tetraethylorthosilicate) layer by means of a CVD 
process . 

Appellants further outlined on page 13 of the specification, 
line 7, that, with reference to Fig. lb, the passivating 
substance X is subsequently incorporated in a whole-area or 
large-area application by implantation into the buried oxide 
layer 2. The implantation step is illustrated by arrows 6. By 
way of example, nitrogen, fluorine or chlorine is used as the 
passivating substance X. The incorporation process can be 
controlled in a highly targeted manner with regard to the 
incorporation depth, the incorporation dose and the 
incorporation profile. Since the passivating substance X is 
intended to be employed in the region of the interface 7 
between the monocrystalline silicon layer 3 and the buried 
oxide layer 2, conditions which cause the implantation maximum 
8 to lie a short way underneath the interface 7 are chosen in 
the implantation step. 
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It is stated in the last paragraph on page 13 of the 
specification, line 22, that a heat-treatment step is 
subsequently carried out. In the process, the passivating 
substance X implanted into the buried oxide layer 2 diffuses 
to the interface 7, the passivating substance distribution 8' 
also being shifted into the region of the interface 7. In the 
process, Si-H bonds present in the region of the interface 7 
are replaced by the more energy-stable Si-X bonds. As a 
result, the damage resistance of the buried oxide layer 2 with 
respect to HC degradation is increased in the manner already 
described. Furthermore, the heat-treatment step effects 
annealing of damage or defects which have occurred during the 
implantation step in the upper layers 3 and 4. Fig. lc 
illustrates the situation after the heat-treatment step has 
been carried out. The concentration of the passivating 
substance X may be approximately 10 18 cm" 3 , for example. 

Appellants described on page 14 of the specification, line 12, 
that Figs Id to If show, by way of example, further process 
steps which are carried out for the patterning and insulation 
of the monocrystalline silicon layer 3 for the purpose of 
forming an SOI MOSFET. Such steps are also necessary to 
construct an integrated CMOS circuit on the SOI semiconductor 
structure 5. First of all, in accordance with Fig. Id, the 
screen oxide layer 4 and the monocrystalline silicon layer 3 
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are removed, except for locally residual layer regions 3', 4', 
using customary photolithographic masking techniques and 
etching steps. As a result, the monocrystalline layer region 
3' is electrically insulated from corresponding, adjacent 
layer regions (not illustrated in Fig. Id). The method shown 
here is known as Mesa insulation in the art. Other insulation 
methods (for example LOCOS, STI) can also be employed instead 
of Mesa insulation. 

Appellants explained on page 15 of the specification, line 2, 
that, according to Fig. le, the peripheral walls of the layer 
regions 3', 4' are covered with spacers 9. The spacers 9 serve 
to additionally insulate the peripheral walls of the free- 
standing layer regions 3 ' , 4 ' . 

Appellants further explained on page 15 of the specification, 
line 7, that, finally, according to Fig. If, the channel 
doping of the SOI MOSFET to be produced is brought about by a 
further implantation step. The channel implantation step is 
indicated by the arrows 10. 

It is also stated on page 15 of the specification, line 12, 
that the implantation steps (Fig. lb, Fig. If) can be carried 
out in a positionally selective manner by using non- 
illustrated implantation masks. In particular, the passivating 
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substance X can be implanted in a targeted manner for example 
only into n-channel transistors. 

As set forth in the last paragraph on page 15 of the 
specification, line 18, the second method variant illustrated 
in Figs 2a to 2f differs from the first method variant shown 
in Figs la to If essentially merely in the fact that the 
implantation maximum 8 lies in the monocrystalline silicon 
layer 3 rather than in the buried oxide layer 2. In this case, 
the implanted dose of the passivating substance X should lie 
below the amorphizing dose in silicon. According to Fig. 2c, 
in this variant the implanted passivating substance X diffuses 
both to the interface 7 between buried oxide layer 2 and 
monocrystalline silicon layer 3 and to an interface 11 between 
monocrystalline silicon layer 3 and screen oxide layer 4. As a 
result, after removal of the screen oxide layer 4 and 
subsequent growth of a gate oxide layer on the monocrystalline 
silicon layer 3, the latter still contains sufficient 
passivating substance X in the region near the interface to 
increase the resistance of the gate oxide layer as well with 
respect to damage caused by hot charge carriers . 

Appellants described on page 16 of the specification, line 10, 
that the steps of patterning/ insulation, spacer formation and 
channel implantation as illustrated in Figs 2d to 2f are 
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carried out analogously to the steps illustrated in Figs Id to 
If. 

As further described on page 16 of the specification, line 15, 
the heat-treatment step shown in Fig. 2c may also be carried 
out after the Mesa insulation (Fig . 2d) and the provision of 
the spacers 9 (Fig. 2e) . In that case, the passivating 
substance X is situated only in those portions of the 
interfaces 7, 11 which are covered by the layer regions 3', 
4', i.e. in the active regions. When spacers 9 made of silicon 
oxide and a nitrogen passivating substance X are used, the 
spacer inner walls adjoining the peripheral walls of the layer 
regions 3', 4' are also nitrided in this case. During the 
subsequent channel doping (Fig. 2f)' this inhibits the 
outdiffusion of channel dopant into the spacers and 
consequently suppresses the formation of Mesa sidewall 
transistors in a desired manner. 

Appellants explained on page 17 of the specification, line 4, 
that halogens used as passivating substance X, on the other 
hand, accelerate the diffusion of channel dopant, in 
particular boron, into spacers 9 formed from silicon oxide. In 
order to avoid sidewall transistors, Mesa spacers 9 formed 
from silicon nitride are used in this case. 
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Appellants further explained on 17 of the specification, line 
10, that, in the case of the third design variant of the 
method according to the invention as illustrated in Figs 3a to 
3f, the passivating substance X is introduced into the buried 
oxide layer 2 as in the case of the first design variant (Figs 
la to f ) . The corresponding implantation step is illustrated 
in Fig. 3d. In contrast to the first design variant, however, 
the patterning/insulation and also the formation of the Mesa 
spacers 9 and subsequent thermal oxidation of the 
monocrystalline layer region 3' for the purpose of forming the 
screen layer region 4' (see Figs. 3a to 3c) eventually take 
place prior to the passivating substance implantation step in 
this case. 

It is set forth in the last paragraph on page 17 of the 
specification, line 23, that, if the spacers 9 are composed of 
silicon oxide, the consequence of this is that the passivating 
substance X is also implanted into the Mesa spacers 9, since 
the implantation depth is smaller in silicon oxide than in 
monocrystalline silicon. As a result, the suppressing - which 
was described in the case of the second design variant - of 
Mesa sidewall transistors in the event of using nitrogen as 
passivating substance X takes place in this case as well. Fig. 
3e shows the nitrogen distribution 8' resulting after the 
heat-treatment step in the region of the interface 7 and at 
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the peripheral walls of the monocrystalline layer region 3 ' . 
In the event of using halogens as passivating substance, 
spacers 9 composed of silicon nitride should be used - as 
already described in connection with the second design 
variant . 

Appellants stated on page 18 of the specification, line 12, 
that Fig. 3f again shows the channel implantation step. 

Appellants further stated on page 18 of the specification, 
line 14, that, if the heat-treatment step illustrated in Fig. 
3e is not carried out until after the channel implantation 
(Fig. 3f ) , the well photomask (not illustrated) used for the 
channel implantation can be used to mask the implantation of 
the passivating substance X as well, with no additional 
outlay. In this procedure, too, the passivating substance X is 
implanted into the Mesa spacers 9, provided that the latter 
are composed of silicon oxide. 

As set forth in the last paragraph on page 18 of the 
specification, line 23, Figs 4a to 4f show a fourth design 
variant of the method according to the invention. In this 
case, as in the case of the third design variant, the 
patterning/insulation, the Mesa spacer formation and the 
thermal oxidation of the active silicon layer region 3' (Figs 
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4a to 4c) take place before the introduction of the 
passivating substance X by an implantation step (Fig. 4d) . In 
contrast to the third design variant, a lower implantation 
energy is chosen in this case, with the result that the 
implantation maximum 8 lies within the monocrystalline Si 
layer region 3'. Implantation into the spacers 9 takes place 
in this case as well. Fig. 4e shows the distribution 8' of the 
passivating substance X after the heat-treatment step. The 
advantage of this design variant resides in the additional 
passivation (halogenation or nitriding) of the gate oxide to 
be grown. on later (cf . the second design variant as well) and 
- given the use of nitrogen implantation and oxide spacers 9 - 
in the nitriding of the Mesa spacer inner side for the purpose 
of suppressing Mesa sidewall transistors. Fig. 4e shows that 
the active monocrystalline silicon layer region 3' is 
completely passivated on all sides. 

Appellants outlined on page 19 of the specification, line 18, 
that, if halogens are used as the passivating substance X, 
spacers 9 made of silicon nitride should again be used. In 
addition, as in the case of the third design variant, it is 
possible, during the masking of the passivating substance 
implantation step (Fig. 4d) , to use the same mask as for the 
channel implantation step (Fig. 4f ) . 
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It is stated in the last paragraph on page 19 of the 
specification, line 25, that the table below shows the bond 
energies of silicon with hydrogen and also the passivating 
substances nitrogen, fluorine and chlorine. It is evident that 
the Si-X bond has a distinctly higher bond energy when the 
above-mentioned passivating substances X are used than when 
hydrogen is used as the bonding partner. 

Table: Bond energies of silicon bonds 



Bond 


Bond Energy [eV] 


Si-H 


3 . 1 


Si-N 


4 . 6 


Si-F 


5 . 7 


Si-Cl 


4 . 7 



References Cited : 

U.S. Patent No. 5,468,657 (Hsu), dated November 21, 1995; 
U.S. Patent No. 6,121,117 (Sato et al . ) , dated September 19, 
2000 . 

Issues 

Whether or not claims 16-21 and 23-25 are obvious over Hsu in 
view of Sato et al . under 35 U.S.C. §103. (Claim 22 has been 
held allowable by the Examiner, if rewritten or amended to 
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include all of the limitations of the base claim and any 
intervening claims . ) 

Grouping of Claims : 

Claim 16 is independent. Claims 17-25 ultimately depend on 
claim 16. The patentability of the dependent claims 17-21 and 
23-25 is not separately argued. Therefore, dependent claims 
17-21 and 23-25 stand or fall with claim 16. (Claim 22 has 
only been objected to by the Examiner.) 

Arguments : 

Before discussing the prior art in detail, it is believed that 
a brief review of the invention as claimed, would be helpful. 

Claim 16 calls for, inter alia: 

fabricating a semiconductor structure having a base 
layer, an insulation layer, a monocrystalline silicon 
layer, and an interface between the insulation layer and 
the monocrystalline silicon layer; 

placing a passivating substance X into the 
monocrystalline silicon layer, during or after the 
fabrication of the semiconductor structure; and 

heat-treating the semiconductor structure with the 
passivating substance X for causing the passivating 
substance X in the monocrystalline silicon layer to 
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diffuse both to the interface and to a surface of the 
monocrystalline silicon layer opposite to the interface. 



In the Response to Arguments on page 7 of the Office action 

dated July 15, 2003, the Examiner stated that: 

As shown Fig. 4, as applicants correctly pointed out, Hsu 
et al . discloses an SOI substrate comprises the first 
layer (44) of monocrystalline silicon the second layer 
(59) of silicon oxide formed directly on the first layer 
and the third layer (42) of monocrystalline silicon. As 
figure 4 shows, the third layer (20) of the 

monocrystalline silicon layer is implanted with a nitrogen 
ion ( "passivat ing substance") and the nitrogen penetrates 
through the third layer of monocrystalline silicon (20) 
and goes deep into the second layer of silicon oxide (59) 

(i.e., monocrystalline silicon also implanted). 
Therefore, Examiner respectfully submits that Hsu et al 
disclose introducing of "passivating substance", i.e., 
nitrogen ion, into a monocrystailine silicon layer. 

(Emphasis added.) 

Fig. 4 of Hsu, re-produced below, shows, as described in col. 
7, lines 35-38, "a wafer 20 with an upper layer 42 of 
monocrystalline silicon, a middle layer 59 of nitrogen- 
implanted silicon dioxide, and a lower monocrystalline silicon 
44 . " 
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It is clear from Fig. 4 and from the specification of Hsu that 
in Hsu the nitrogen is placed into the silicon dioxide layer 
59 (col. 1, lines 35-36) and is not placed into the 
monocrystalline silicon layer 42 or monocrystalline silicon 
layer 44. In contrast, in the invention of the instant 
application as recited in claim 16, the passivating substance 
is placed into the monocrystalline silicon layer. Passing the 
nitrogen through the monocrystalline silicon layer 42 is not 
equivalent with placing the nitrogen into the monocrystalline 
silicon layer 42 . 

Furthermore, as can be clearly seen in Fig. ID (similarly Fig. 
3), re-produced below, the nitrogen diffuses within the 
silicon oxide layer 4 0 to the edges of the silicon oxide layer 
40. In contrast, in the invention of the instant application 
as recited in claim 16, the passivating substance diffuses 
within the monocrystalline silicon layer. 
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The inventive concept of the present invention is based on the 
underlying realization that after introducing and placing a 
passivating substance X into the monocrystalline silicon 
layer, heat-treating the semiconductor structure, removing the 
screen oxide layer, and subsequent growth of a gate oxide 
layer on the monocrystalline silicon layer, the 
monocrystalline silicon layer still contains sufficient 
passivating substance X to increase the resistance of the gate 
oxide layer to damage caused by hot charge carriers. There is 
no disclosure or suggestion in either Hsu or Sato et al . to 
introduce and place a passivating substance into a 
monocrystalline silicon layer. Furthermore, neither Hsu nor 
Sato et al . contain teachings that would suggest the 
underlying realization on which the present invention is 
based. Therefore, the invention as recited in claim 16 of the 
instant application is believed not to be obvious over Hsu in 
view of Sato et al . . 

It is accordingly believed to be clear that Hsu in view of 
Sato et al . do not suggest the features of claim 16. Claim 16 
is, therefore, believed to be patentable over the art and 
since claims 17-21 and 23-25 are ultimately dependent on claim 
16, they are believed to be patentable as well. (Claim 22 has 
been held allowable by the Examiner, if rewritten or amended 
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to include all of the limitations of the base claim and any 
intervening claims . ) 

The honorable Board is therefore respectfully urged to reverse 
the final rejection of the Primary Examiner. 

Respectfully submitted, 



Markus NolTf (Reg. No. 37,006) 
MN/bb 

Date: January 20, 2004 
Lerner and Greenberg, P. A. 
Post Office Box 2480 
Hollywood, Florida 33022-2480 
Tel: (954) 925-1100 
Fax: (954) 925-1101 
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Appendix - Appealed Claims : 

16. A method of fabricating a semiconductor configuration, 
which comprises the following steps: 

fabricating a semiconductor structure having a base layer, an 
insulation layer, a monocrystalline silicon layer, and an 
interface between the insulation layer and the 
monocrystalline silicon layer; 

placing a passivating substance X into the monocrystalline 
silicon layer, during or after the fabrication of the 
semiconductor structure; and 

heat-treating the semiconductor structure with the 
passivating substance X for causing the passivating substance 
X in the monocrystalline silicon layer to diffuse both to the 
interface and to a surface of the monocrystalline silicon 
layer opposite to the interface. 

17. The method according to claim 16, wherein the 
introducing step comprises ion- implant ing the passivating 
substance X. 

18. The method according to claim 17, wherein the 
introducing step is performed such that there is an 
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implantation concentration maximum for the passivating 
substance X in the vicinity of the interface. 

19. The method according to claim 16, wherein the 
fabricating of the semiconductor structure comprises the 
following steps: 

providing two silicon semiconductor substrates; 

oxidizing and forming a respective oxide layer on the two 
silicon semiconductor substrates ; 

joining the two silicon semiconductor substrates by 
contacting the two oxide layers; and 

partially removing one of the silicon semiconductor 
substrates and forming the monocrystalline silicon layer. 

20. The method according to claim 16, which comprises 
forming a covering oxide layer on the monocrystalline silicon 
layer . 

21. The method according to claim 16, which comprises 
patterning the monocrystalline silicon layer by etching away 
regions thereof down to the underlying insulation layer. 



Appendix: Page 2 of 3 



23. The method according to claim 21, wherein the patterning 
step is performed after the step of introducing the 
passivating substance X into one of the insulation layer and 
the monocrystalline silicon layer. 

24. The method according to claim 16, which comprises: 

doping the monocrystalline silicon layer differently region 
by region by ion implantation; and 

performing the doping step after the step of introducing the 
passivating substance X and the heat-treating step. 

25. The method according to claim 21, wherein the step of 
introducing a passivating substance X into the 
monocrystalline silicon layer is performed such that an 
implanted dose of the passivating substance X is below an 
amorphizing dose of silicon. 
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BRIEF ON APPEAL 



Sir: 



This is an appeal from the final rejection in the Office 
action dated July 15, 2003, finally rejecting claims 16-21 
and 2 3-25. 



Appellants submit this Brief on Appeal in triplicate, 
including payment in the amount of $330.00 to cover the f 
for filing the Brief on Appeal. 
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Real Party in Interest : 

This application is assigned to Siemens Akt iengesellschaf t of 
Munchen, Germany. The assignment will be submitted for 
recordation upon the termination of this appeal. 

Related Appeals and Interferences : 

No related appeals or interference proceedings are currently 
pending which would directly affect or be directly affected by 
or have a bearing on the Board's decision in this appeal. 

Status of Claims : 

Claims 16-21 and 23-25 are rejected and are under appeal. 
Claims 10-15 were cancelled in an amendment dated January 11, 
2003. Claims 7-9 were cancelled in an amendment dated July 
23, 2001. Claims 1-6 have been withdrawn from consideration. 

Status of Amendments : 

Claim 18 was amended after the final Office action due to a 
rejection under 35 USC 112. An amendment under 37 CFR § 1.116 
was filed on October 17, 2003. The Primary Examiner stated in 
an Advisory Action dated November 18, 2003, that the request 
for reconsideration had been considered but did not place the 
application in condition for allowance, except that the 
rejection of claim 18 had been withdrawn. 
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Summary of the Invention : 

As stated in the first paragraph on page 1 of the 
specification of the instant application, the invention lies 
in the field of semiconductor manufacture. Specifically, the 
invention relates to a SOI semiconductor configuration, i.e., 
a structure formed with a base layer (e.g. substrate) of 
semiconductor material, an insulation layer on the base layer, 
and a layer of monocrystalline silicon disposed on and 
adjoining the insulation layer. The invention also pertains to 
a method of manufacturing the SOI structure. 

Appellants explained on page 12 of the specification, line 14, 
that, referring now to the figures of the drawing in detail 
and first, particularly, to Figs, la to If thereof, there is 
seen an SOI semiconductor structure 5 that comprises an Si 
base layer 1, which is formed by an Si substrate and is 
adjoined by a buried oxide layer 2, on which a monocrystalline 
silicon layer 3 is overlaid. By way of example, the SOI 
semiconductor structure 5 may be fabricated according to the 
SIMOX or BESOI technologies and is commercially available as a 
finished product. Furthermore, the Si base layer 1 and the 
monocrystalline silicon layer 3 may already be p- or n- 
predoped by the manufacturer. 



Appellants outlined on page 13 of the specification, line 1, 
that, with reference to Fig. la, a screen oxide layer 4 is 
first formed on the SOI semiconductor structure 5. The screen 
oxide layer 4 may be formed for example by thermal oxidation 
of the monocrystalline silicon layer 3 or by deposition of a 
TEOS (tetraethylorthosilicate) layer by means of a CVD 
process . 

Appellants further outlined on page 13 of the specification, 
line 7, that, with reference to Fig. lb, the passivating 
substance X is subsequently incorporated in a whole-area or 
large-area application by implantation into the buried oxide 
layer 2. The implantation step is illustrated by arrows 6. By 
way of example, nitrogen, fluorine or chlorine is used as the 
passivating substance X. The incorporation process can be 
controlled in a highly targeted manner with regard to the 
incorporation depth, the incorporation dose and the 
incorporation profile. Since the passivating substance X is 
intended to be employed in the region of the interface 7 
between the monocrystalline silicon layer 3 and the buried 
oxide layer 2, conditions which cause the implantation maximum 
8 to lie a short way underneath the interface 7 are chosen in 
the implantation step. 



Appl 1 c . 'Mo . 09/313,42 4 

Brief on Appeal, filed 1/2 0/04 

It is stated in the last paragraph on page 13 of the 
specification, line 22, that a heat-treatment step is 
subsequently carried out. In the process, the passivating 
substance X implanted into the buried oxide layer 2 diffuses 
to the interface 7, the passivating substance distribution 8' 
also being shifted into the region of the interface 7. In the 
process, Si-H bonds present in the region of the interface 7 
are replaced by the more energy-stable Si-X bonds. As a 
result, the damage resistance of the buried. oxide layer 2 with 
respect to HC degradation is increased in the manner already 
described. Furthermore, the heat-treatment step effects 
annealing of damage or defects which have occurred during the 
implantation step in the upper layers 3 and 4. Fig. lc 
illustrates the situation after the heat-treatment step has 
been carried out. The concentration of the passivating 
substance X may be approximately 10 18 cm" 3 , for example. 

Appellants described on page 14 of the specification, line 12, 
that Figs Id to If show, by way of example, further process 
steps which are carried out for the patterning and insulation 
of the monocrystalline silicon layer 3 for the purpose of 
forming an SOI MOSFET. Such steps are also necessary to 
construct an integrated CMOS circuit on the SOI semiconductor 
structure 5. First of all, in accordance with Fig. Id, the 
screen oxide layer 4 and the monocrystalline silicon layer 3 
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are removed, except for locally residual layer regions 3', 4', 
using customary photolithographic masking techniques and 
etching steps. As a result, the monocrystalline layer region 
3' is electrically insulated from corresponding, adjacent 
layer regions (not illustrated in Fig. Id) . The method shown 
here is known as Mesa insulation in the art. Other insulation 
methods (for example LOCOS, STI) can also be employed instead 
of Mesa insulation. 

Appellants explained on page 15 of the specification, line 2, 
that, according to Fig. le, the peripheral walls of the layer 
regions 3', 4' are covered with spacers 9. The spacers 9 serve 
to additionally insulate the peripheral walls of the free- 
standing layer regions 3', 4'. 



Appellants further explained on page 15 of the specification, 
line 7, that, finally, according to Fig. If, the channel 
doping of the SOI MOSFET to be produced is brought about by a 
further implantation step. The channel implantation step is 
indicated by the arrows 10. 



It is also stated on page 15 of the specification, line 12, 
that the implantation steps (Fig. lb, Fig. if) can be carried 
out in a positionally selective manner by using non- 
illustrated implantation masks. In particular, the passivatin< 
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substance X can be implanted in a targeted manner for example 
only into n-channel transistors. 



As set forth in the last paragraph on page 15 of the 
specification, line 18, the second method variant illustrated 
in Figs 2a to 2f differs from the first method variant shown 
in Figs la to If essentially merely in the fact that the 
implantation maximum 8 lies in the monocrystalline silicon 
layer 3 rather than in the buried oxide layer 2. In this case, 
the implanted dose of the passivating substance X should lie 
below the amorphizing dose in silicon. According to Fig. 2c, 
in this variant the implanted passivating substance X diffuses 
both to the interface 7 between buried oxide layer 2 and 
monocrystalline silicon layer 3 and to an interface 11 between 
monocrystalline silicon layer 3 and screen oxide layer 4 . As a 
result, after removal of the screen, oxide layer 4 and 
subsequent growth of a gate oxide layer on the monocrystalline 
silicon layer 3, the latter still contains sufficient 
passivating substance X in the region near the interface to 
increase the resistance of the gate oxide layer as well with 
respect to damage caused by hot charge carriers . 

Appellants described on page 16 of the specification, line 10, 
that the steps of patterning/insulation, spacer formation and 
channel implantation as illustrated in Figs 2d to 2f are 



Applic. Ho, 09/iX3,424 

Brief on Appeal, filed 1/20/04 

carried out analogously to the steps illustrated in Figs Id to 
If. 

As further described on page 16 of the specification, line 15, 
the heat-treatment step shown in Fig. 2c may also be carried 
out after the Mesa insulation (Fig. 2d) and the provision of 
the spacers 9 (Fig. 2e) . In that case, the passivating 
substance X is situated only in those portions of the 
interfaces 7, 11 which are covered by the layer regions 3', 
4', i.e. in the active regions. When spacers 9 made of silicon 
oxide and a nitrogen passivating substance X are used, the 
spacer inner walls adjoining the peripheral walls of the layer 
regions 3', 4' are also nitrided in this case. During the 
subsequent channel doping (Fig. 2f) this inhibits the 
outdiffusion of channel dopant into the spacers and 
consequently suppresses the formation of Mesa sidewall 
transistors in a desired manner. 

Appellants explained on page 17 of the specification, line 4, 
that halogens used as passivating substance X, on the other 
hand, accelerate the diffusion of channel dopant, in 
particular boron, into spacers 9 formed from silicon oxide. In 
order to avoid sidewall transistors, Mesa spacers 9 formed 
from silicon nitride are used in this case. 
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Appellants further explained on 17 of the specification, line 
10, that, in the case of the third design variant of the 
method according to the invention as illustrated in Figs 3a tc 
3f, the passivating substance X is introduced into the buried 
oxide layer 2 as in the case of the first design variant (Figs 
la to f ) . The corresponding implantation step is illustrated 
in Fig. 3d. In contrast to the first design variant, however, 
the patterning/insulation and also the formation of the Mesa 
spacers 9 and subsequent thermal oxidation of the 
monocrystalline layer region 3' for the purpose of forming the 
screen layer region 4' (see Figs. 3a to 3c) eventually take 
place prior to the passivating substance implantation step in 
this case. 

It is set forth in the last paragraph on page 17 of the 
specification, line 23, that, if the spacers 9 are composed of 
silicon oxide, the consequence of this is that the passivating 
substance X is also implanted into the Mesa spacers 9, since 
the implantation depth is smaller in silicon oxide than in 
monocrystalline silicon. As a result, the suppressing - which 
was described in the case of the second design variant - of 
Mesa sidewall transistors in the event of using nitrogen as 
passivating substance X takes place in this case as well. Fig. 
3e shows the nitrogen distribution 8' resulting after the 
heat-treatment step in the region of the interface 7 and at 
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the peripheral walls of the monocrystalline layer region 3'. 
In the event of using halogens as passivating substance, 
spacers 9 composed of silicon nitride should be used - as 
already described in connection with the second design' 
variant . 

Appellants stated on page 18 of the specification, line 12, 
that Fig. 3f again shows the channel implantation step. 

Appellants further stated on page 18 of the specification, 
line 14, that, if the heat-treatment step illustrated in Fig. 
3e is not carried out until after the channel implantation 
(Fig. 3f ) , the well photomask (not illustrated) used for the 
channel implantation can be used to mask the implantation of 
the passivating substance X as well, with no additional 
outlay. In this procedure, too, the passivating substance X i 
implanted into the Mesa spacers 9, provided that the latter 
are composed of silicon oxide. 

As set forth in the last paragraph on page 18 of the 
specification, line 23, Figs 4a to 4f show a fourth design 
variant of the method according to the invention. In this 
case, as in the case of the third design variant, the 
patterning/insulation, the Mesa spacer formation and the 
thermal oxidation of the active silicon layer region 3' (Figs 
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4a to 4c) take place before the introduction of the 
passivating substance X by an implantation step (Fig. 4d) . In 
contrast to the third design variant, a lower implantation 
energy is chosen in this case, with the result that the 
implantation maximum 8 lies within the monocrystalline Si 
layer region 3'. Implantation into the spacers' 9 takes place 
in this case as well. Fig. 4e shows the distribution 8' of the 
passivating substance X after the heat-treatment step. The 
advantage of this design variant resides in the additional 
passivation (halogenation or nitriding) of the gate oxide to 
be grown on later (cf . the second design variant as well) and 
- given the use of nitrogen implantation and oxide spacers 9 - 
in the nitriding of the Mesa spacer inner side for the purpose 
of suppressing Mesa sidewall transistors. Fig. 4e shows that 
the active monocrystalline silicon layer region 3' is 
completely passivated on all sides. 

Appellants outlined on page 19 of the specification, line 18, 
that, if halogens are used as the passivating substance X, 
spacers 9 made of silicon nitride should again be used. In 
addition, as in the case of the third design variant, it is 
possible, during the masking of the passivating substance 
implantation step (Fig. 4d) , to use the same mask as for the 
channel implantation step (Fig. 4f ) . 
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It is stated in the last paragraph on page 19 of the 
specification, line 25, that the table below shows the bond 
energies of silicon with hydrogen and also the passivating 
substances nitrogen, fluorine and chlorine. It is evident that 
the Si-X bond has a distinctly higher bond energy when the 
above-mentioned passivating substances X are used than when 
hydrogen is used as the bonding partner. 

Table: Bond energies of silicon bonds 



Bond 


Bond Energy [eV] 


Si-H 


3 . 1 


Si-N 


4.6 


Si-F 


5 . 7 


Si-Cl 


4 . 7 



References Cited : 

U.S. Patent No. 5,468,657 (Hsu), dated November 21, 1995; 
U.S. Patent No. 6,121,117 (Sato et al . ) , dated September 19, 
2000 . 



Issues 

Whether or not claims 16-21 and 23-2 5 are obvious over Hsu in 
view of Sato et al . under 35 U.S.C. §103. (Claim 22 has been 
held allowable by the Examiner, if rewritten or amended to 
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include all of the limitations of the base claim and any 
intervening claims.) 

Grouping of Claims : 

Claim 16 is independent. Claims 17-25 ultimately depend on 
claim 16. The patentability of the dependent claims 17-2 1 and 
23-25 is not separately argued. Therefore, dependent claims 
17-21 and 23-25 stand or fall with claim 16. (Claim 22 has 
only been objected to by the Examiner.) 

Arguments : 

Before discussing the prior art in detail, it is believed that 
a brief review of the invention as claimed, would be helpful. 

Claim 16 calls for, inter alia: 

fabricating a semiconductor structure having a base 
layer, an insulation layer, a monocrystalline silicon 
layer, and an interface between the insulation layer and 
the monocrystalline silicon layer; 

placing a passivating substance X into the 
monocrystalline silicon layer, during or after the 
fabrication of the semiconductor structure; and 

heat-treating the semiconductor structure with the 
passivating substance X for causing the passivating 
substance X in the monocrystalline silicon layer to 
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diffuse both to the interface and to a surface of the 
monocrystalline silicon layer opposite to the interface. 



In the Response to Arguments on page 7 of the Office action 
dated July 15, 2003, the Examiner stated that: 

As shown Fig. 4, as applicants correctly pointed out, Hsu 
et al . discloses an SOI substrate comprises the first 
layer (44) of monocrystalline silicon the second layer 
(59) of silicon oxide formed directly on the first layer 
and the third layer (42) of monocrystalline silicon. As 
figure 4 shows, the third layer (20) of the 

monocrystalline silicon layer is implanted with a nitrogen 
ion ("passivating substance") and the nitrogen penetrates 
through the third layer of monocrystalline silicon (20) 
and goes deep into the second layer of silicon oxide (59) 

(i.e., monocrystalline silicon also implanted). 
Therefore, Examiner respectfully submits that Hsu et al 
disclose introducing of "passivating substance", i.e., 
nitrogen ion, into a monocrystailine silicon layer. 

( Emphas i s added . ) 



Fig. 4 of Hsu, re-produced below, shows, as described in col. 
7, lines 35-38, "a wafer 20 with an upper layer 42 of 
monocrystalline silicon, a middle layer 59 of nitrogen- 
implanted silicon dioxide, and a lower monocrystalline silicon 
44 . " 
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It is clear from Fig. 4 and from the specification of Hsu that 
in Hsu the nitrogen is placed into the silicon dioxide layer 
59 (col. 1, lines 35-36) and is not placed into the 
monocrystalline silicon layer 42 or monocrystalline silicon 
layer 44. In contrast, in the invention of the instant 
application as recited in claim 16, the passivating substance 
is placed into the monocrystalline silicon layer. Passing the 
nitrogen through the monocrystalline silicon layer 42 is not 
equivalent with placing the nitrogen into the monocrystalline 
silicon layer 42. 

Furthermore, as can be clearly seen in Fig. ID (similarly Fig. 
3), re-produced below, the nitrogen diffuses within the 
silicon oxide layer 40 to the edges of the silicon oxide layer 
40. In contrast, in the invention of the instant application 
as recited in claim 16, the passivating substance diffuses 
within the monocrystalline silicon layer. 
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The inventive concept of the present invention is based on the 
underlying realization that after introducing and placing a 
passivating substance X into the monocrystalline silicon 
layer, heat-treating the semiconductor structure, removing the 
screen oxide layer, and subsequent growth of a gate oxide 
layer on the monocrystalline silicon layer, the 
monocrystalline silicon layer still contains sufficient 
passivating substance X to increase the resistance of the gate 
oxide layer to damage caused by hot charge carriers. There is 
no disclosure or suggestion in either Hsu or Sato et al . to 
introduce and place a passivating substance into a 
monocrystalline silicon layer. Furthermore, neither Hsu nor 
Sato et al. contain teachings that would suggest the 
underlying realization on which the present invention is 
based. Therefore, the invention as recited in claim 16 of the 
instant application is believed not to be obvious over Hsu in 
view of Sato et al . . 



It is accordingly believed to be clear that Hsu in view of 
Sato et al. do not suggest the features of claim 16. Claim 16 
is, therefore, believed to be patentable over the art and 
since claims 17-21 and 23-25 are ultimately dependent on claim 
16, they are believed to be patentable as well. (Claim 22 has 
been held allowable by the Examiner, if rewritten or amended 



-16- 




No . 09/ s 13,424 
Appeal , filed 



'1. / 2 0/04 



to include all of the limitations of the base claim and any 
intervening claims.) 

The honorable Board is therefore respectfully urged to reverse 
the final rejection of the Primary Examiner. 

Respectfully submitted, 



Markus NolTf (Reg. No. 3 7,006) 
MN/bb 

Date: January 20, 2004 
Lerner and Greenberg, P. A. 
Post Office Box 2480 
Hollywood, Florida 33022-2480 
Tel: (954) 925-1100 
Fax: (954) 925-1101 
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Appendix - Appealed Claims : 

16. A method of fabricating a semiconductor configuration, 
which comprises the following steps: 

fabricating a semiconductor structure having a base layer, an 
insulation layer, a monocrystalline silicon layer, and an 
interface between the insulation layer and the 
monocrystalline silicon layer; 

placing a passivating substance X into the monocrystalline 
silicon layer, during or after the fabrication of the 
semiconductor structure; and 

heat-treating the semiconductor structure with the 
passivating substance X for causing the passivating substance 
X in the monocrystalline silicon layer to diffuse both to the 
interface and to a surface of the monocrystalline silicon 
layer opposite to the interface. 

17. The method according to claim 16., wherein the 
introducing step comprises ion-implanting the passivating 
substance X. 

18. The method according to claim 17, wherein the 
introducing step is performed such that there is an 
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implantation concentration maximum for the passivating 
substance X in the vicinity of the interface. 

19. The method according to claim 16, wherein the 
fabricating of the semiconductor structure comprises the 
following steps : 

providing two silicon semiconductor substrates; 

oxidizing and forming a respective oxide layer on the two 
silicon semiconductor substrates; 

joining the two silicon semiconductor substrates by 
contacting the two oxide layers; and 

partially removing one of the silicon semiconductor 
substrates and forming the monocrystalline silicon layer. 

20. The method according to claim 16, which comprises 
forming a covering oxide layer on the monocrystalline silicon 
layer. 

21. The method according to claim 16, which comprises 
patterning the monocrystalline silicon layer by etching away 
regions thereof down to the underlying insulation layer. 
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23. The method according to claim 21, wherein the patternin 
step is performed after the step of introducing the 
passivating substance X into one of the insulation layer and 
the monocrystalline silicon layer. 

24. The method according to claim 16, which comprises: 

doping the monocrystalline silicon layer differently region 
by region by ion implantation; and 

performing the doping step after the step of introducing the 
passivating substance X and the heat-treating step. 

25. The method according to claim 21, wherein the step of 
introducing a passivating substance X into the 
monocrystalline silicon layer is performed such that an 
implanted dose of the passivating substance X is below an 
amorphizing dose of silicon. 
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